Metastasis underlies cancer morbidity and accounts for disease progression and significant death rates generally and in non-small cell lung cancer (NSCLC) particularly. Therefore, it is critically important to understand the molecular events that regulate metastasis. Accumulating data portray a central role for protein synthesis, particularly translation initiation (TI) factors eIF4E and eIF4G in tumorigenesis and patients' survival. We have published that eIF4E/eIF4GI activities and consequently NSCLC cell migration are modulated by bone-marrow mesenchymal stem cell secretomes, suggesting a role for TI in metastasis. Here, we aimed to expand our understanding of the TI factors significance to NSCLC characteristics, particularly epithelial-to-mesenchymal transition (EMT) and migration, supportive of metastasis. In a model of NSCLC cell lines (H1299, H460), we inhibited eIF4E/eIF4GI's expressions (siRNA, ribavirin) and assessed NSCLC cell lines' migration (scratch), differentiation (EMT, immunoblotting), and expression of select microRNAs (qPCR). Initially, we determined an overexpression of several TI factors (eIF4E, eIF4GI, eIF4B, and DHX29) and their respective targets in NSCLC compared with normal lung samples (70-350%↑, Po0.05). Knockdown (KD) of eIF4E/eIF4GI in NSCLC cell lines (70%↓, Po0.05) also manifested in decreased target levels (ERα, SMAD5, NFkB, CyclinD1, c-MYC, and HIF1α) (20-50%↓, Po0.05). eIF4E/eIF4GI KD also attenuated cell migration (60-75%↓, Po0.05), EMT promoters (15-90%↓, Po0.05), and enhanced EMT suppressors (30-380%↑, Po0.05). The importance of eIF4E KD to NSCLC phenotype was further corroborated with its inhibitor, ribavirin. Changes in expression of essential microRNAs implicated in NSCLC cell migration concluded the study (20-100%, Po0.05). In summary, targeting eIF4E/eIF4GI reduces migration and EMT, both essential for metastasis, thereby underscoring the potential of TI targeting in NSCLC therapy, especially the already clinically employed agents (ribavirin/ 4EGI). Comparison of these findings with previously reported effects of eIF4E/eIF4GI KD in multiple myeloma suggests a collective role for these TI factors in cancer progression. (2016) 96, 1004-1015 doi:10.1038/labinvest.2016 published online 8 August 2016 Lung cancer is the leading cause of cancer-related death worldwide. Non-small cell lung cancer (NSCLC) accounts for 85% of all lung cancer cases. Despite several novel therapeutic approaches, the majority of NSCLC patients present locally advanced or metastatic disease, which are at present incurable. 1,2 Thus, there is great need for new therapies. The key factor of NSCLC-associated mortality is attributed to metastasis marking its underlying mechanisms as potentially important targets in the quest for effective treatment. 3,4 Indeed, during metastasis, tumor cells need to survive detachment from their primary microenvironment, acquire migratory characteristics, invade neighboring tissues, intravasate and survive circulation, extravasate into new distant microenvironments, settle and eventually start proliferating to establish new tumor sites. A major process that allows cancer cells to metastasize is epithelial-to-mesenchymal transition (EMT) where polarized epithelial cells lose cell-cell adhesion and cell polarity and acquire a motile and invasive phenotype. 5 Moreover, it was demonstrated that EMT is involved in treatment resistance, acquisition of characteristics of cancer stem-like cells, and progression of many tumors types. 5 Unraveling the molecular events that promote EMT and metastasis along with improving the means of foretelling their development is a major goal of current clinical cancer research, NSCLC included.
Lung cancer is the leading cause of cancer-related death worldwide. Non-small cell lung cancer (NSCLC) accounts for 85% of all lung cancer cases. Despite several novel therapeutic approaches, the majority of NSCLC patients present locally advanced or metastatic disease, which are at present incurable. 1, 2 Thus, there is great need for new therapies. The key factor of NSCLC-associated mortality is attributed to metastasis marking its underlying mechanisms as potentially important targets in the quest for effective treatment. 3, 4 Indeed, during metastasis, tumor cells need to survive detachment from their primary microenvironment, acquire migratory characteristics, invade neighboring tissues, intravasate and survive circulation, extravasate into new distant microenvironments, settle and eventually start proliferating to establish new tumor sites. A major process that allows cancer cells to metastasize is epithelial-to-mesenchymal transition (EMT) where polarized epithelial cells lose cell-cell adhesion and cell polarity and acquire a motile and invasive phenotype. 5 Moreover, it was demonstrated that EMT is involved in treatment resistance, acquisition of characteristics of cancer stem-like cells, and progression of many tumors types. 5 Unraveling the molecular events that promote EMT and metastasis along with improving the means of foretelling their development is a major goal of current clinical cancer research, NSCLC included. Control of protein translation is a crucial aspect of cancer development and progression. 6 Translational control includes the regulation of global protein synthesis rate as well as selective translation of specific mRNAs that promote tumor cell survival, angiogenesis, invasion, and metastasis. Deregulation of protein translation has been observed in various human malignancies with both elevated global translation and increased synthesis of proteins involved in malignant characteristics. 7 Translation initiation (TI) is the most regulated step of protein synthesis and the rate limiting phase of the process. 8 In concordance, high expression of the TI factors, eukaryotic translation initiation factor 4E (eIF4E), and eukaryotic translation initiation factor 4GI (eIF4GI) was reported in various tumors 9 including lung cancer. 10, 11 Overexpression and activity of eIF4E are associated with tumor formation, metastatic disease, and increased tumor invasion. Moreover, higher levels of eIF4E were demonstrated in metastatic cells compared with primary tumor cells. 12 It is established that eIF4E is rate limiting to 5`cap-dependent translation typical of 90% of cellular proteins. 13, 14 Also wellknown, eIF4G (I, II) is a key initiator of eIF4F-complex assembly 15 and eIF4GI is the major isoform in mammalian cells (485%). 16 Of note, accumulating data suggest that eIF4E and eIF4GI may dictate not only rate of protein synthesis but also its quality 17 thereby contributing to cell phenotype design. Interestingly, additional TI factors are deregulated in cancers. 18, 19 For instance, eIF4B, a factor critical for recruitment of mRNA to the ribosome and assistance in unwinding mRNAs secondary structures necessary for ribosome scanning is often overexpressed. 19 DHX29 is an ATP-dependent RNA helicase implicated in capdependent TI and promotion of cell proliferation, and tumorigenesis was also reported to be elevated in several cancer models. 18 Previous publications by others and us 6, [20] [21] [22] have demonstrated the critical role of protein translation in lung cancer cells 23 with specific emphasis on translational machinery. 24 We have investigated different aspects of proteostasis in NSCLC and showed that its manipulation by proteasome inhibition or induction of ER stress damaged lung cancer cells. 21 We have also shown manipulation of NSCLC TI by microenvironmental constituents, ie, mesenchymal stem cells (MSCs) affected the cancer cells' migration. 25 Finally, in a multiple myeloma (MM) cancer model we have shown that eIF4E and eIF4GI are critically modulated by microenvironmental components and important to the malignant cells' phenotype and protein repertoire. 26 On the basis of all these accumulating data, we wanted to expand our understanding of TI to NSCLC characteristics and fate. We concentrated on the role of eIF4E/eIF4GI in the design of NSCLC cells' proteome and phenotype, particularly traits that promote metastasis.
MATERIALS AND METHODS NSCLC Cell Lines and Samples
H1299 and H460 were cultured in RPMI-1640 with 10% heat-inactivated fetal bovine serum and antibiotics (Biological Industries, Israel). NSCLC and the corresponding normal lung tissue specimens were obtained from therapy-naive patients who undergo lung surgery for newly diagnosed NSCLC (complying with Helsinki regulations). Samples were minced into 1 mm 3 pieces digested and proteins were extracted.
Trypan Blue
Total cell counts as well as the respective proportion of viable and dead cells were enumerated by Trypan blue dye exclusion using a hematocytometer and a phase-contrast microscope as described before. 20 Cell Count, Viability, Cycle, and Death Cells were counted with ADVIA 120 Automated Hematology Analyzer (GMI, Minneapolis, MN, USA) and assayed for viability with WST1 Cell Proliferation Reagent (Roche, Basel, Switzerland) according to the manufacturer's instructions. Cell death was determined by flow cytometry. Cells were harvested and stained with annexin V-PE (250 μg/ml) (BioVision, CA, USA) and 7AAD (0.05 μg/μl) (eBioscience, CA, USA). Annexin V+/7AAD − cells were considered apoptotic and annexin V+/7AAD+ cells were considered necrotic or late apoptotic cells. For cell cycle harvested cells were exposed to 40 μg/ml propidium iodide (PI) and 100 μg/ml Ribonuclease A (Sigma, St. Louis, MO, USA) in PBS for 30 min at room temperature in the dark and analyzed by FACS.
Immunoblotting NSCLC cells were lysed and western blot was performed as described elsewhere. 27 The proteins were detected with rabbit/mouse anti-human: peIF4E(Ser209)/total eIF4E, peIF4GI(Ser1108)/total eIF4GI, peIF4B (Ser422)/total eIF4B, DHX29, CyclinD1 (Cell Signaling, Danvers, MA, USA); SMAD5, HSC70 (Epitomics, CA, USA); and c-Myc, HIF1α, NFkB (Santa-Cruz, CA, USA); ERα (Millipore, Billerica, MA, USA). Bound antibodies were visualized using peroxidaseconjugated secondary goat anti-rabbit or mouse antibody (Jackson ImmunoResearch Laboratories, West Grove, PA, USA), followed by enhanced chemiluminescence (ECL) detection (Millipore). Products were visualized with LAS3000 Imager (Fujifilm, Greenwood, SC, USA). Integrated optical densities of the immunoreactive protein bands were measured as arbitrary units employing Multi Gauge software v3 (Fujifilm).
Scratch Assay
Scratch assay was conducted as described before. 20 Wound closure was monitored by microscopy immediately after cell scratching (0 h) and at 24 h post wounding. microRNAs Quantitative Reverse Transcription PCR RNA was extracted from with TRI Reagent and was converted to cDNA using the Quanta reverse transcription kit (QuantaBioscience) according to the manufacturer's instructions. Human small nucleolar RNA SNORD44 was amplified as an internal control. Amplification was performed using Power SYBR Green PCR Master Mix (Quanta-Bioscience).
Statistical Analysis
Student's paired t-tests were used in analysis of differences between cohorts. Effects were considered as significant, when P-value is o0.05.
RESULTS

NSCLC Cells Exhibit Elevated Levels of TI Factors Compared with Normal Lung Tissue
Primarily, we set out to examine the baseline expression levels of the major TI factors, already recorded to be aberrant in multiple malignancies but yet to be determined in NSCLC.
Expressions of phosphorylated and total eIF4E, eIF4GI, eIF4B, and DHX29 were examined in NSCLC cell lines (H1299, H460, and A549) and primary tumor samples (n = 6). Findings were compared with expression levels in normal lung tissue specimens that were obtained from therapy-naive patients who underwent lung surgery for newly diagnosed NSCLC (complying with Helsinki regulations) (n = 6). (Figure 1d ). The elevated TI factors' expression in NSCLC cells suggests that they may have a role in the malignant process.
Knockdown of eIF4E/eIF4GI TI Factors
To directly investigate whether eIF4E/eIF4GI TI factors' activities are indeed critical to NSCLC progress, we introduced anti-eIF4E/eIF4GI siRNAs into H1299 and H460 NSCLC cell lines (knockdown, KD). Negative siRNA was delivered as a control. Ninety-five percent of the cells were transfected (validated by FACS) (data not shown). Factors' silencing was validated 24 h post transfection at the transcript level (470%↓ for si-eIF4GI/eIF4E, Po0.01) and 48 h post transfection at the protein level (70%↓ for si-eIF4GI/eIF4E, Po0.01) without reciprocal effects ( Figure 2a ). The KD was deliberately of limited extent in order to avoid dramatic cell damage due to total protein synthesis shutdown that might mask the nuances of the relative TI factors. Having established that the expressions of eIF4E and eIF4GI were decreased we wanted to validate that the decreased levels also affected eIF4E/eIF4GI's activities. Thus, we assayed the levels of targets previously shown to depend on these TI factors for their expression (functional assay). 26, [29] [30] [31] [32] [33] [34] Significant attenuation of NFkB and CyclinD1 levels was observed in both cell lines 72 h post transfection, demonstrating that eIF4E activity was indeed compromised (20-50%↓; Po0.05) (Figure 2b ). Reduced SMAD5 and ERα levels demonstrated that eIF4GI activity was also attenuated (25-35%↓; Po0.05) (Figure 2b ). Finally, expression of eIF4E/eIF4GI common targets, HIF1α and c-Myc, was also decreased in the KD models (40-70%↓; Po0.05) (Figure 2b ). Again, established eIF4E targets were not affected by the eIF4GI silencing and vice versa (data not shown). Of note, these results are in concordance with similar KD model we established previously in MM cells. 29 The similarity in eIF4E/eIF4GI KD in two different cancer models underscores the authenticity of these observations and their general relevance. Subsequently, we assessed the effect of the KDs on NSCLC cells' viability, proliferation, cell cycle, and death. No changes in any survival or proliferative characteristics were observed (Supplementary Figure 1) .
Knockdown of eIF4E/eIF4GI TI Factors Inhibited NSCLC Cell Lines' Migration
In a previous study, 25 we demonstrated that bone-marrow MSCs' secretome downregulated the eIF4E/eIF4GI expression eIF4e/eIF4G expression and targeting in NSCLC O Attar-Schneider et al and cells' migration. Here, we wanted to assess directly the role of eIF4E/eIF4GI in NSCLC cells' migration. Thus, we knocked down the factors (separately) in NSCLC cell lines (H1299 and H460) and tested our premise by applying the scratch assay. Results indicated that eIF4E or eIF4GI KDs significantly retarded the cells' scratch closure after 24 h compared with negative control cells (negative siRNA) (70-75%↓ and 60%↓, respectively; Po0.05) (Figures 3a  and b ). In concurrence with the cells' altered migration, we also observed changes in the cells' morphology. Indeed, while control migrating NSCLC cells exhibited a more fibroblastlike spindle appearance, the KD cells displayed an epitheliallike more round morphology (Figure 3c ).
Competitive Inhibition of eIF4E with Ribavirin Negatively Affected NSCLC Cell Lines' Migration Our findings so far indicate that eIF4E and eIF4GI diminution deleteriously affects NSCLC cells' migration but the delivery of siRNA is currently clinically difficult. Therefore, we examined the effect of the clinically employed anti-viral drug, ribavirin previously shown to act as a mimic for the 5' cap present on most human transcripts thereby competing with eIF4E binding. [35] [36] [37] [38] Ribavirin applied for 24 h did not affect the treated NSCLC cell lines' viability/ proliferation/death thereby indicating that under these conditions there was no toxic effect (data not shown). Yet, as hypothesized, ribavirin (5 μM) decreased the cells' (H1299 and H460) migration compared with untreated cells (65-75%↓, 24 h; Po0.05) (Figures 4a and b) . Here too, we observed changes in the cells' morphology. While control migrating cells showed fibroblast-like spindle appearance the ribavirin-treated cells displayed an epithelial-like more round morphology (Figure 4c ). In summary, our results so far indicate that manipulation of TI pathways indeed affects NSCLC cells' migration.
Knockdown of eIF4E/eIF4GI TI Factors Downregulated EMT of NSCLC Cell Lines Studies using ribosome profiling have revealed that oncogenic eIF4E activity downstream of mTOR signaling has a striking 39 This study has functionally characterized a novel subset of translationally regulated mRNAs associated with cancer cell invasion and metastasis. Moreover, previous data demonstrate that eIF4E has a prominent role in EMT by controlling the translation of a pool of mRNAs critical for EMT. [40] [41] [42] Our observations so far indicate that eIF4E and eIF4GI have a role in the regulation of NSCLC cell migration. Since, cell migration may be a symptom of EMT, we hypothesized that EMT will be downregulated in eIF4E/eIF4GI-silenced NSCLC cells (ie, the cells will undergo mesenchymal-to-epithelial transition (MET)). Thus, we set out to examine the expression of EMT/MET markers by immunoblotting eIF4E/eIF4GI KD NSCLC cell lines (H1299 and H460) 48 h post siRNA transfection. First, we examined changes in cell-cell adhesion molecules E-cadherin/N-cadherin known to have a critical role in the EMT/MET. E-cadherin is considered as an active suppressor of invasion and growth of many epithelial cancers 5, 43 and the term 'cadherin switching' refers to a switch from expression of E-cadherin to expression of N-cadherin. 44 In concordance with our hypothesis, we determined elevated levels of E-cadherin (100-290%↑; Po0.05) and reduced expression of N-cadherin (40-90%↓; Po0.05) (Figures 5a and b) . Next, we assayed the tight junctionassociated proteins claudin-1 and zona occludens-1 (ZO-1) that affect cell-cell junctions and migration. 45 Indeed, we observed elevated expression of claudin-1 (30-380%↑; Po0.05) and ZO-1 (40-220%↑; Po0.05), which is consistent with decreased EMT (Figures 5a and b) . Finally, we determined reduced levels of two transcription factors known to promote EMT: Slug a transcriptional repressor of integrin that causes decreased cell adhesion 46 (40-70%↓; Po0.05) and ZEB1 that suppresses E-cadherin 44 (40-60%↓; Po0.05) (Figures 5a and b) . Subsequently, we examined EMT markers at the transcriptional level by qPCR and here too determined changes consistent with reduced EMT and induction of MET. Specifically, we observed elevated levels of the EMT inducer bone morphogenetic protein 7 (BMP7) 47 (30-60%↑; Po0.05), as well as decreased fibronectin (FN1) 48 (15-35%↓; Po0.05) (Figure 5c ).
Altogether, our data indicate that eIF4E and eIF4GI promote NSCLC cells EMT and that inhibition of their function facilitates EMT/MET switch and consequently cell migration and metastatic potential. 
eIF4E/eIF4GI KDs Affected MicroRNAs with a Possible Role in NSCLC Migration
Accumulating data underscore the importance of microRNAs in intercellular crosstalk and modulation of major cellular functions such as survival and migration. 49 Furthermore, several microRNAs are known to be regulated by eIF4E/eIF4GI factors. 50 ,51 Therefore, we tested the expression of specific microRNAs in eIF4E/eIF4GI-silenced cells that may be involved in NSCLC migration and EMT.
Previously, we showed that eIF4E/eIF4GI silencing in MM cells affected MIR-125a expression using bioinformatics tools and qPCR validations. 29 Interestingly, published data reported that MIR-125a suppresses NSCLC cell proliferation, migration, and invasion. 52 Thus, we tested the expression of MIR-125a in eIF4E/eIF4GI KD NSCLC cell lines by qPCR. Both NSCLC cell lines displayed elevated levels of MIR-125a 48 h post eIF4E/eIF4GI silencing (45-65%↑; Po0.05) (Figure 6a) . A recent study depicts a role for MIR-29b in NSCLC metastatic suppression via inhibition of MMP2 expression. 53 In our KD cells, we observed induction of MIR-29b levels after 48 h (35-55%↑; Po0.05) (Figure 6b) . Moreover, we also tested the levels of MMP2 as an MIR-29b probable downstream tumor metastasis-related gene. Indeed, NSCLC-transfected cells displayed decreased levels of MMP2 mRNA (35-45%↓; Po0.05) (Figure 6b ). Finally, we examined the expressions of MIR-148b and MIR-23a in the eIF4E/eIF4GI KDs, both previously implicated in NSCLC migration. 54, 55 has been shown to function as a tumor suppressor with anti-proliferation, migration, and EMT activity. 54 On the contrary, MIR-23a acts as an oncogene and regulates TGF-β-induced EMT by targeting E-cadherin in NSCLC. 55 In concordance with our accumulating observations and work hypothesis, we observed opposite changes in expressions of MIR-148b (20-100%↑; Po0.05) and MIR-23a (40%↓; Po0.05) (Figure 6a) .
Our results so far indicate that similar microRNAs were affected by both eIF4E and eIF4GI KDs. We wondered whether there are microRNAs that uniquely depend on a specific TI factor for their expression and may influence NSCLC migration. According to previous publications MIR-96 is regulated by eIF4E and promotes growth and motility of NSCLC cells. 51 Moreover, its' expression levels in NSCLC tissues were higher than in normal lung tissues, which was significantly associated with lymph-node metastasis. 29, 56 MIR-146 is regulated by eIF4GI and inhibits cell growth, migration and induces apoptosis in NSCLC. 50 Upon examination of these microRNAs in our research model, we indeed witnessed that eIF4E KD affected MIR-96 expression in the NSCLC cell lines (25-45%↓; Po0.05) and eIF4GI KD affected MIR-146 expression (60-70%↑, respectively; Po0.05) with no reciprocal effects between the KDs (Figure 6c ). In summary, our results depict significant changes in multiple microRNAs consistent with decreased NSCLC migration and EMT. These observations may afford a mechanistic explanation for the eIF4E/eIF4GI KDs influence on the NSCLC cell phenotype.
eIF4E/eIF4GI KDs Differentially Affected Transcription Factors Important to the Tumorigenic Phenotype of NSCLC Cells
In a previous publication, 29 we silenced eIF4E and eIF4GI in MM cells and assembled the TIMLIP screening list ('Translation Initiation Mode Litmus Paper') in order to establish an objective, high throughput assay for distinguishing between the initiation factors' imprints. Indeed, the TIMLIP revealed that there are distinct and significant differences between eIF4E/eIF4GI TI modes.
One of the TIMLIP facets consisted of changes in transcription factors' targets at the mRNA level. As in the MM model here too we assayed four targets for each TI factor using qPCR (eIF4E: DOCK4, IL23A, EGR1, SERPINI; eIF4GI: FBXO32, GAB2, BCL2, ASS1). Interestingly, all assayed transcription factors' targets were significantly affected in the same manner as observed in our MM model (Table 1) . Again, we demonstrated a differential imprint of eIF4E and eIF4GI silencing.
DISCUSSION
In this study, we systematically addressed the expression levels of a panel of TI factors in NSCLC cells (cell lines and patients) in comparison with normal lung cells. Our findings demonstrated that eIF4E; eF4GI, DHX29, and eIF4B are significantly overexpressed in this malignancy and unsurprisingly most elevated in the cell lines, which typically represent the more advanced disease. To the best of our knowledge, this is the first report to describe elevated expression levels and function of eIF4GI, eIF4B, and DHX29 in NSCLC. Next, we investigated the significance of this increased expression by silencing eIF4E and eIF4GI in select NSCLC cell lines. Our major findings depict a considerable effect on the cells' differentiation (EMT) and migration. Further influence was registered in the altered expressions of select microRNAs and transcription factors, all noted for their role in cell phenotype and fate. [52] [53] [54] [55] We further corroborated the utility and feasibility of TI inhibition by the application of the clinically employed eIF4E inhibitor and anti-viral drug ribavirin. [35] [36] [37] [38] Generally, all of our observations are in sync with published data. It was reported that elevated eIF4E expression is significantly associated with short survival of NSCLC patients 57 and eIF4GI was shown to correspond with cancer progression in other types of cancers. 58 Moreover, In vitro experiments with eIF4E-specific antisense oligonucleotides (ASOs) effectively inhibited the growth of cancer xenografts in mice with minimal toxicity. 59 An additional study that used antisense of eIF4E in Rastransformed rat embryo fibroblasts showed that cells with reduced levels of eIF4E were less invasiveness and metastatic. 60 Taken together, accumulating data argue for the necessity of developing inhibitors of eIF4E for clinical use. Indeed, we showed that the use of ribavirin may afford such a strategy and a comparable observation was also reported by us previously with eIF4E-eIF4GI association inhibitor 4EGI-1. 25 The potential of targeting TI factors in lung cancer treatment is also supported by other observations. It is well established that lung cancer patients receive more and more targeted therapies that induce complete disease remissions yet most eventually develop drug resistance. For instance, this is the case with anti-epidermal growth factor receptor (EGFR) therapy that at first provides exceptional benefit, but over time tumors develop resistance, causing recurrence. 61 Interestingly, several publications have associated the elevated eIF4E levels in NSCLC cells with acquired erlotinib (EGFR inhibitor) resistance. 10, 62 Specifically, they showed that EGFR-TKI-(tyrosine kinase inhibitors) resistant NSCLC cells possess increased capacity of eIF4F assembly and elevated expression of oncogenic proteins known to be regulated by the cap-dependent translation mechanism (eg, HIF1α, c-Myc, and Mcl-1). They have also shown that KD of eIF4E/eIF4G enhanced erlotinib anti-proliferative effect in resistant cells. Unsurprisingly, combination of erlotinib and 4EGI-1 synergistically inhibited cell growth. Finally, another publication demonstrated that EMT pathways are also associated with erlotinib resistance and that 'EGFR-addicted' cancer cell lines undergoing EMT become erlotinib-resistant in vitro. 63 Overcoming EMT-associated anti-cancer drug resistance is a major clinical goal and our results mark eIF4E and/or eIF4GI as potential therapeutic targets for treatment of erlotinib-resistant NSCLC patients.
Previously, we assembled an imprint list using an objective, high throughput assay enabling distinction between eIF4E and eIF4GI-silenced MM cells (ie, 'TIMLIP'). Our TIMLIP lists addressed several facets: transcription factors, microRNAs, and phenotype. Here, we assessed the TIMLIP lists in eIF4E/eIF4GI-silenced NSCLC and determined similar trends ( Table 1 ). The similarity of eIF4E/eIF4GI KD outputs in both cancer models underscores the legitimacy of our TIMLIP model and indicates that eIF4E and eIF4GI may have individual influence on the cells' proteome 26, 30, 64, 65 despite their recognized association and function in the eIF4F complex. 66 Most importantly, our findings support the emerging understanding that the conventional paradigm of cap binding translation should be revised 67 and that the eIF4E/eIF4GI TI modes control the cellular 'translatomes' (genome-wide pools of translated mRNA).
It is now well established that microRNAs also contribute to proteome design. Indeed, this level of regulation was also modulated in our model of NSCLC eIF4E/eIF4GI KDs. Specifically, elevated levels of MIR-29b were evident and according to published data correspond with migration inhibition. Obviously, this marks MIR-29b as a potential therapeutic target capable of slowing down NSCLC metastasis. Mechanistically, it was shown that MIR-29b is a tumor metastasis suppressor that suppresses NSCLC cell metastasis via MMP2 attenuation. 53 Indeed, MIR-29b is downregulated in lung carcinoma tissues 68 causing high MMP2 expression and serving as a poor prognostic factor closely related to clinical stage, pathological grade, lymphatic metastasis, and prognosis. 69 The benefit of targeting TI lies with its capacity to simultaneously affect the expression of multiple oncogenic proteins to which NSCLC cells are addicted and that converge on proliferative and migratory pathways. Taken together, we propose that this paradigm represents a solid rational for continued research with the hope of developing small molecule inhibitors of TI with anti-NSCLC activity.
Further study is needed to examine additional facets of TIMLIP screening model. Moreover, we are currently conducting studies aimed at uncovering additional and different pathways unique to eIF4E/eIF4GI in NSCLC cells.
